Abstract The variability of 62 Spanish landraces (and two hybrids used as reference) was described by analysing 39 morphological traits and eight SSR makers. Results showed that 81% of the examined genetic pool belonged to the inodorus type. Spanish traditional melons presented fruits from flattened and globular shapes to elliptical. Rind colour varied from pale green, almost white and yellow to dark green and almost black. Rind texture varied from smooth to intensely wrinkled. Spanish landraces also had larger fruits (average fruit weight *2.6 kg) and longer vegetative cycles (117 days to maturity) compared to landraces from other geographical origins. Farmers seem to have focused on selection towards large fruits, which usually requires the longest production cycles.
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Fruit colour, size and shape seemed to have been determinant in varietal selection. Hierarchical clustering resulted in two main groups (climacteric and nonclimacteric). The largest group was composed of 60 accessions of non-climacteric types, which includes the most demanded by national markets, 'Piel de Sapo', which fruits were characterized by an ovate or elliptical shape, a green rind, big spots and stains distributed over the whole fruit, a rounded blossom end shape and a very pointed stem end shape. The study demonstrates that the Spanish genetic pool is much more diverse. Wide variability was found in a geographical area with vast historical importance in melon farming. These evaluations has allowed the identification of several uniform groups of non-climacteric cultivars ('Piel de Sapo', 'Mochuelo', 'Tendral', Yellow/White, Winter and Black groups) and a set of highly variable climacteric ones. However, many accessions with singular properties remain unclassified, demonstrating the morphological variability of the studied collection. Melons in Spain have wide variability together with a vast historical importance on farms. Some fruit types, or at least some morphological characters reflected by painters during centuries, have reached the present. The present study confirmed the need to preserve these irreplaceable genetic resources and continue their study and evaluation for valuable traits which could enhance farmer's opportunities for entering new markets.
Keywords Cluster Á Landraces Á Morphological characterization Á Multivariate analysis Á SSR Introduction Melon (Cucumis melo L.) is a cross-pollinated annual crop that has been grown in Spain since at least Roman times. It was first cultivated in Asia (Paris et al. 2012) , and intensive trade and dispersion led to a rapid species diversification (Kerje and Grum 2000; Pitrat 2008; Esteras et al. 2011) . As a result of this expansion, melon is adapted to several growing areas, and then, secondary centres of diversity in countries such as China, Korea, Portugal and Spain have been originated (McCreight et al. 1993) .
Different sources provide information about the arrival of melon to the Iberian Peninsula. Columella, who was born in Southern Spain, mentioned cogombro in his De Re Rustica (On Agriculture), published between 61 and 64 AD (Alvarez de Sotomayor 1824). This cogombro, also referred to as cohombro, culebrino or snake-shape cohombro, is probably a type of C. melo belonging to the currently recognized botanical variety flexuosus (L.) Naud. (Hammer and Gladis 2014) , which develops extremely long snake-shaped non sweet fruits (Rodriguez-Mohedano and Rodriguez-Mohedano 1781). The introduction of sweet melons, consumed when fully ripe, seems to have occurred later. Paris et al. (2012) documented the introduction of large sweet melons from Central Asia on Southern and Central Iberian Peninsula, during the Islamic conquest in the Middle Age. Ibn al-Awwam (also known by his contemporary Christians as Abu Zacarias) reported in 1180 the existence in that region of six types of melons, some of which were sweet and aromatic (Cubero 2001) . Andrés Laguna, born in Segovia (Central Spain) in the sixteenth century, translated the Dioscorides' Materia Medica into Spanish and referred to Plinio [Gaius Plinius Secundus (AD 23-August 25, AD 79) who described a kind of big, round, yellow and aromatic melon (Laguna 1991 (Laguna ) (1555 ]. Gabriel Alonso de Herrera (1470 Herrera ( -1539 , born in Talavera de la Reina (Central Spain) described several types of melons in his Treatise on Agriculture, published in 1513-consulted edition of 1777 (Herrera 1777) . Among them, he reported one with a thick hard rind and green flesh and another one with a yellow rind that continued ripening after harvest, spreading a nice strong aroma. The characteristics reported in these sources fit both, casaba types (nonclimacteric, non-aromatic, usually of very sweet, big fruits) and muskmelons and cantaloupes (climacteric and aromatic melons), currently included in the botanical varieties inodorus H. Jacq. and cantalupensis Naud. respectively.
Due to such a long crop history, the preferences of Spanish farmers and consumers during centuries favoured the selection of a large number of varieties adapted to the diverse agro-climatic conditions of this country. Some of the historical paintings, painted by Spanish artists throughout four centuries, portray what those ancient melons looked like. Such agro-biodiversity probably reached the twentieth century, when genetic erosion started as a consequence of worldwide varietal replacement and other global changes. Since then, collecting missions have been conducted, and a large number of local varieties or landraces is currently being conserved in different genebanks. The Spanish National Inventory of Plant Genetic Resources (PGR) reports 1109 different Spanish accessions conserved in several plant germplasm collections. Spanish genetic diversity, together with commercial cultivars, supports one of the greatest melon productions in the world, and the highest melon trade mark (FAO 2013) .
Although the concept of traditional variety, also called native, local or landrace, is difficult to define, most definitions focus on the variability or genetic diversity of such old varieties and the lack of intensive genetic improvement processes (Negri et al. 2000; Camacho-Villa et al. 2005) . Local varieties are currently the subject of increasing interest. They have valuable traits in terms of agro-ecological adaptation, consumer preference and sensory quality . This interest, along with policies for PGR conservation, requires a greater understanding of the genetic diversity contained in the collections of traditional varieties. This knowledge is important, not only for germplasm management and crop breeding, but also for the identification and protection of these varieties. Spanish melon landraces mainly belong to the botanical varieties cantalupensis and inodorus defined by Pitrat (2008) . They are genetically different from those produced in other areas (Staub et al. 2000; López-Sesé et al. 2003; Esteras et al. 2013) . Previous studies have focused on the morphological description and/or the genetic evaluation of some Spanish melon landraces (Staub et al. 2000; López-Sesé et al. 2003; Escribano and Lázaro 2009; Esteras et al. 2013 ). However, this work includes material from the three largest Spanish germplasm collections.
In the present work, we have carried out a detailed morphological description, complemented with a molecular evaluation of a collection of varieties which represents all the morphotypes found in Spanish melon landraces. Our objectives have been: (1) to assess the genetic diversity of Spanish melons from different geographical origins and; (2) to provide a more comprehensive understanding of melon diversification patterns in Spain, based on this information along with historical and cultural evidence.
Materials and methods

Plant material
Sixty-two landraces were analysed, and two commercial hybrids ('Sancho' and 'Amarillo Canario') were used as reference accessions. These landraces were selected from three largest Spanish melon collections, maintained at the Institute for the Conservation and Breeding of Agro-Biodiversity at the Polytechnic University of Valencia (COMAV), at the Institute for Subtropical and Mediterranean Horticulture La Mayora (IHSM-LaMayora, UMA-CSIC) in Málaga, and at the Madrilean Institute of Rural, Agrarian and Alimentary Research and Development (IMIDRA) of Madrid. Preliminary data from previous studies (López-Sesé et al. 2003; Escribano and Lázaro 2009; Blanca et al. 2012; Esteras et al. 2013) were used to select the set of accessions that best represent the genetic, morphological, and geographic diversity of Spanish melon landraces. Geographic origin and other Passport data of the landraces selected for this study are shown in Table 1 .
Evaluation trials
Twenty plants per accession were cultivated in three replicates (3 years) at the IMIDRA experimental station 'La Isla' (40°18.75 0 N; 3°29.89 0 W; 528 m.asl). Plants were cultivated in an open-air farming system using traditional cultural practices from May to October. Fertilization consisted of 10,000 kg/ha of organic manure 2 weeks before sowing, 300 kg/ha of 15-15-15 mineral fertilizers and 500 kg/ha of 9-18-27 during the plant growth period. Experimental evaluation plots were designed with a distance of 1.2 m between rows and 0.5 m between plants. Mulching was used to avoid weed growth although plots were hand-weeded when necessary. Drip irrigation was applied and no chemicals were ever sprayed on the plots. Temperatures in the melon growing season ranged from 4 to 39.5°C. Soils belong to the alluvial terrace type, order Alfisol, Suborder Xeralf, Group Haploxeralf (USDA classification).
Agro-morphological evaluation
Each year the accessions were characterized for a set of 39 quantitative, qualitative and phenological characters, by evaluating leaves, flowers, immature and mature fruits and seeds. These characters were evaluated following IPGRI descriptors (ECPGR Working Group on Cucurbits 2008) with minor modifications for some traits. The nomenclature of the mature fruit morphology of the melon accessions used herein was articulated by Esquinas-Alcázar and Gulik (1983) and later used in melon landrace evaluations by López-Sesé et al. (2003) . Quantitative and qualitative traits were measured in ten to twenty plants/fruits per accession. Categories for qualitative traits are detailed in Table 2 . The quantitative traits included fruit length, diameter and weight, blossom scar size, flesh and rind thickness and 100-seed weight. The phenological characters, days to flowering and maturity, were scored when 50% of the plants/fruits reached these phenological stages.
Morphological data analysis
Mean, standard deviations and range were calculated for quantitative data in the 3 years. Intra-accession variability was estimated by calculating the coefficient of variation (CV) of each quantitative trait in each accession. The CV is defined as the ratio of the standard deviation to the mean. For qualitative traits, the frequency of each category was considered, and the phenotypic heterozygosity was also estimated ð1 À P freq 2 Þ: Effects of variety (V), repetition (R) and environment (E) were expressed as percentages of total sums of squares type III. Analysis of variance (ANOVA) was conducted along with a Duncan test of means comparison (P \ 0.05). To perform a combined multivariate analysis using both the qualitative and quantitative variables, values from the qualitative Esteras et al. (2013) traits were transformed based on a quantitative scale with the highest value representing the highest intensity of the character. Colour traits were codified according to the Royal Horticultural Colour Chart.
A principal component analysis (PCA) was used to reduce the multidimensional data set to less dimensions still containing most of the information from the original set. Total explained variation (TEV) was (2) Flesh colour (1) White, (2) yellow, (3) cream, (4) pale green, (5) green, (6) pale orange, (7) orange (yellow-red), (8) salmon (pink-red), (9) others Flesh colour intensity (1) Pale, (2) medium, (3) strong Flesh outer layer colour (1) White, (2) yellow, (3) cream, (4) pale green, (5) green, (6) pale orange, (7) orange (yellow-red), (8) 
SSR amplification
Eight SSR markers associated to valuable melon characters (Tomason et al. 2013) were employed to genotype the three DNA pools per accession (Table 3) . Amplification reactions were performed using the polymerase chain reaction (PCR) with a range of melting temperatures (Tm 53.3-56.2°C). Loading buffer containing xylene cyanol was mixed with the PCR products and then subjected to agarose gel electrophoresis using 3% (w/v) metaphor agarose (Lonza, NJ) stained with midori green which fluoresces under ultraviolet (UV) light. Once the electrophoresis was completed, the gel was viewed with an UV transilluminator and photographed using GelExpert Software (NucleoTech Corporation, 1996, San Mateo, CA, USA). The amplifications allowed the identification of consistent and non-redundant banding patterns, where band sizes were defined in reference to a standard 100 bp DNA ladder.
Molecular data analysis
A data matrix of putative allele sizes was constructed according to their migration distances after electrophoresis. Allelic frequency matrix was then used in a principal coordinates analysis (PCoA) by employing GENALEX software (Version 6.5). This analysis identified the most informative SSR primers and provided a three-dimensional graphic for visual inspection of genetic relationships. Genetic distances (GD) were calculated using Nei's (1973) genetic distance coefficients with POPGENE software (Version 1.31). The unweighted pair-group method using an arithmetic average cluster analysis (UPGMA) included in the NTSYSpc software (Version 2.2) was employed to provide a graphic visualization of the molecular relationships among accessions.
The population structure of germplasm was investigated using POPGENE, which estimates the observed number of alleles per locus, unique alleles, degree of heterogeneity using Shannon's information index (SI), and percentage of polymorphic loci (Lewontin 1972 ). Nei diversity index (DI) was also calculated. Historical and cultural evidences: sources of the illustrations Historical melon records were compiled from pictures available on the web sites of the Prado Museum, the Art Institute of Chicago, the National Gallery of Scotland and the Bayerische Staatsgemäldesammlungen.
Results
Morphological variation of melon landraces
The entire morphological description of each landrace is available on-line (Lázaro et al. 2010) . The scores of some quantitative traits are summarized in Table 4 . ANOVA results found significant differences (P B 0.05) between accessions (V effect) and years (E effect) and a significant V 9 E interaction for all the quantitative traits. Only fruit diameter and weight showed a significant repetition effect. Certain intracultivar variability was detected. The least variable character was fruit diameter (average CV per accession *9%), and scar size was the most variable (average CV per accession *38%). Table 5 shows the frequency distribution of some qualitative traits and, based on phenotypic frequencies, the total heterozygosity (Ht) and the average of expected heterozygosity within accessions (Hs). Fruits varied in shape from flattened and globular to elongate, with different rind colours (from pale green, almost white or yellow, to dark green or almost black) and rind textures (from smooth to deeply wrinkled and with varying degrees of corking/netting). Despite this variation, the main characteristics of Spanish landraces were the ovate to elliptical shapes and the green rind with a secondary colour pattern (spots and stains). Most of the studied samples (81%) do not spread aroma when ripen. Among the qualitative traits, those related to the intensity of dotted and longitudinal corking varied considerably within accessions (average Hs *0.47), whereas netting, which was less frequent, was quite stable. The remaining qualitative traits showed lower intra-accession heterozigosity (average Hs *0.19).
Classification of melon landraces in morphotypes
A PCA was performed with all the studied morphological and phenological traits. This first analysis grouped the accessions along three axes, which explained the 38.97% of total variability. To better understand the observed morphological variation, and to increase de variability explained by model, PCA was recalculated only with the most discriminating fruit and seed traits (Table 6 ; Fig. 1) . Then, the cumulative contribution of the three main axes reached 51.14%. The first axis explained 24.55% of the total variation with quantitative (fruit length and weight rind and flesh thickness, and wrinkling intensity) and phenological traits (days to flowering and days to maturity) as the major contributing variables, Effects of variety (V), repetition (R) and environment (E) were expressed as percentages of total sums of squares type III. Analysis of variance (ANOVA) was executed and a Duncan was conducted to provide significant differences (P \ 0.05) * Significant differences (P \ 0.05) Based on phenotypic frequencies, total heterozygosity (Ht) and the average of expected heterozygosity within accessions (Hs) were calculated. Estimated inter-accession heterozygosity was calculated as (Ht-Hs) which indicates that this axis separates accessions with long growing cycles producing long big melons with thick wrinkle skins from those earlier, producing smaller fruits with smooth skins. The 2nd factorial axis accounted 15.33% of total variation and flesh colours and the presence of aroma were the main contributing variables. The 3rd factorial axis explained 11.26% of total variation and was mainly defined by rind colour, secondary colour distribution and netting density. Therefore, variation in flesh and rind properties (colour, aroma and texture) explains the accession distribution along these two axes. Figure 1 shows the scatter diagram of the first two principal components, calculated with the 17 most discriminating traits (indicated in Table 6 ). PCA allow us to see a main group of accessions in the middle of the diagram, and a few accessions at the periphery. These accessions that were located out of the main group showed some singular values of different traits. For instance, the extremely big and long melons COMAV11 ('Blanco largo') and BGCM121 ('Melón de Invierno') are clearly separated from the round-flat and small fruit accessions COMAV16 ('Tempranillo') and COMAV17 ('Escrito oloroso'). First have extremely large fruits (average weight 5.28 kg) with an elongated shape and a thick wrinkly rind. The second axis separated those very netted with white flesh like COMAV19 ('de Calamonte') from those smooth and striped and with aromatic orange flesh like C-250 ('Ardales-1'). Most of the Spanish melon genepool showed a continuous variation between these extremes.
Searching groups differentiation, a Ward's dendrogram based on the entire morphological data set was constructed (Fig. 2) . The most divergent accessions did spread aroma when ripen (climacteric group in Fig. 2) . The melons within the other main group (non-aromatic melons) could be differentiated mainly by phenology, and by fruit size, shape and colour. Among them, some morphotypes (accessions sharing common characteristics) could be distinguished. For instance, four accessions that clustered together ('Puchero'-BGCM4; 'Verde Blanco'-COMAV9; 'Melón de Invierno'-BGCM121 and 'Blanco Largo'-COMAV11), shared their extremely large and elongated fruits (average weight 4.89 kg) and a thick wrinkly rind (3.52 cm average), but were variable in rind colour. Their vegetative cycle was long (average 138 days to maturity). As the thickness of their rind preserves them until winter, they have been traditionally referred to as Winter melons (Fig. 2) . 'Tendral' melons also appeared quite homogeneous ('Tendral negro'-COMAV8 and C-2; 'Tendral verde'-C-308; 'Verrugoso'-COMAV-18 and C-344 and 'Mollerusa-1'-C-69). They are defined by their wrinkled, dark green and thick rind, their long growth cycle (average 136 days to maturity) and a long shelf life.
Nowadays, the most consumed melon at Spanish market is 'Piel de Sapo' type, which is represented herein by the reference accession T2. Some of the studied landraces grouped with T2 and seemed to be morphologically quite similar ('Piel de Sapo tradicional' (BGCM126); 'Piñonet' (COMAV22); 'Pinta sapo' (C-19) and others) (Fig. 2) . This morphotype has medium sized fruits (average weight 2.61 kg), ovate, elliptical or elongated, with a green to yellowish rind colour, pronounced spots and stains distributed Square cosines. Those traits marked in bold are the most contributing traits to each factor and were used to construct the PCA shown in Fig. 1 Values in bold are the highest values of each variable over the whole fruit, a rounded blossom end shape and a pointed stem end shape (Fig. 2) . Their fruits also showed superficial wrinkling and longitudinal fine corking. A group of melon landraces that did not fit the 'Piel de Sapo' morphotype grouped close to the 'Piel de Sapo' accessions. Some of these landraces belonged to the 'Mochuelo' morphotype (COMAV5, BGCM2, BGCM125), along with some 'Hilo Carrete' (C-53), that shares some characteristics with 'Piel de Sapo' (such as green rind colour, secondary colour presence or white flesh), but differ from this group in few characters. For instance 'Mochuelo' has a rounded fruit shape and lightly spotted and smooth rind, while 'Hilo carrete' only differs from 'Piel de Sapo' in yellow main rind colour and spots. The second most consumed melon type in Spain is the Yellow morphotype (melons with yellow rinds), herein represented by the reference accession T1 'Amarillo Canario'. The cluster analysis grouped most of the yellow accessions (COMAV13, COMAV23, C-110, COMAV20, BGCM5, C-10 and others), along with a few landraces with white fruits (C-326 'Ardales-9' and COMAV12 'Blanco redondo'). Two accessions belonging to a different morphotype, the Black melons (BGCM1 'Largo negro' and BGCM69 'Largo negro escrito'), appeared close to them (Fig. 1 ).
Molecular analysis: intra-accession and intragroup genetic diversity Three pools of 5 plants per accession were analysed with SSRs. Table 7 shows the number of alleles and the genetic diversity detected with each of the SSRs. Most of accessions were molecularly uniform, but SSRs detected intra-accession variability in COMAV9, COMAV10, COMAV15, COMAV16, COMAV19 and COMAV20 ('Verde Blanco Largo', 'Bolas', 'Coca', 'Tempranillo', 'De Calamonte', 'Amarillo Manchado', DI = from 0.056 to 0.063), BGCM1, BGCM6, BGCM7, BGCM9, BGCM69, BGCM70, BGCM124 ('Largo negro escrito', 'Pata negra', 'Felipe', 'Reyes', 'Largo', 'Tradicional de Villaconejos', 'Moscatel', DI = from 0.035 to 0.12), and C19, C55, C58, C98, C319, C333, C420 ('Pinta sapo', 'Del pais', 'Maduro negro', CA-101084, AN-C-42, 'Ardales', 'Melón', DI = from 0.063 to 0.13). Some of these accessions were traditional 'Piel de Sapo', 'Mochuelo', Black and Winter types, and despite they were quite uniform morphologically, still retain some molecular diversity. The other variable accessions belonged to heterogeneous groups, i.e. intermediate between 'Piel de Sapo' and 'Mochuelo', Yellow and other singular types, some aromatic and climacteric that share characteristics with traditional melons from other countries.
The genetic diversity was also studied within the groups established in the morphological analysis (Fig. 2) . No variability was found within the 'Tendral' group (DI = 0), and the other morphologically homogeneous groups, Winter and 'Piel de Sapo' had only certain genetic variability (DI = 0.023, 0.064). Consistently with their higher morphological diversity the Fig. 2 Cluster analysis of studied accessions (see Table 1 ) by Ward's grouping method and using Euclidean distances 'Mochuelo' and Black had higher genetic diversity (DI = 0.126 and 0.163, respectively). Groups that were morphologically heterogeneous (the group of Yellow/White, and the singular aromatic and climacteric types) also were molecularly more variable (DI = 0.151 and 0.163, respectively).
Molecular relationships among accessions
SSR analysis provided enough polymorphism to cluster most landraces into two major groups (Fig. 3) . The largest one included most of the landraces that were morphologically classified in the 'Piel de Sapo', 'Tendral' and Winter groups. Similar SSRs profiles were found in the accessions within each group of melons, which is in accordance with the low morphological diversity found within them. In this large group of melons are also interspersed some landraces that were morphologically classified in the group of Yellow/White (COMAV12, COMAV13, COMAV23, BGMC5, C-326, C-278). Despite their Yellow or White rind colour, these accessions share some fruit characteristics with 'Tendral' melons. The second major group includes most of the landraces of the Black and 'Mochuelo' type. Also a second group of Yellow/White landraces are in this cluster (COMAV24, C-98, C-420). The remainder landraces of the Yellow/White group were more diverse and molecularly different from the accessions of the two main groups. Accessions with climacteric behaviour were also highly molecularly variable. Some of them were quite distant from the two main molecular groups and other interspersed within the main cluster (Fig. 3) . The PCoA confirms these relationships. Figure 4 shows the accessions of the casaba types (all 'Piel de Sapo', Winter and 'Tendral' melons) clustered accessions in the left part of the PCoA according to the first component (that explained 41.90% of the total variation). A group of Yellow/ White, 'Mochuelo' and climacteric landraces were close to them, although were more variable. In fact accession of these three variable groups, along with all 'Black' melons were scattered in the right part of the PCoA, being also variable according to the second component (that explained 17.1% of the total variation).
Spanish melons in historical art and literature
The morphological characterization allowed us to compare the currently existing melon landraces with those represented or mentioned in historical sources. One of the melon fruits reported by Alonso de Herrera in 1513 (Herrera 1777) had 'yellow skin that ripens after harvest, spreading a nice strong smell'. This description matches with the fruits of BGCM3 named The number of polymorphic loci is: 8
The percentage of polymorphic loci is: 100.00% a Details about the SSR loci are in Table 3 Na Observed number of alleles; Ne Effective number of alleles (Kimura and Crow 1964) ; I Shannon's information index (Lewontin 1972) ; Expected heterozygosity were computed using Levene (1949); Nei's (1973) C278  BGCM9  BGCM3  COMAV5  COMAV14  C326  C319  C308  COMAV11  BGMC2  C70  C69  C65  BGMC153  BGMC121  C344  BGMC5  BGMC4  C2  C1  BGMC8  COMAV17  COMAV23  COMAV22  COMAV21  BGCM125  BGCM126  COMAV18  COMAV1  COMAV3  COMAV13  COMAV12  COMAV8  BGMC6  BGMC7  BGCM70  C19  COMAV9  BGCM124  C333  COMAV15  BGCM1  COMAV2  COMAV7  C53  COMAV24  BGCM69  C55  C98  C420  C58  COMAV4  C10  C110  COMAV16  COMAV19  COMAV20  COMAV10  COMAV6 'Tempranillo' from Madrid, as well as some other climacteric accessions such as 'Coca', or 'Bola' types (COMAV10 and COMAV15). The green rind colour in melons was depicted in 1602 by Juan Sánchez Cotán (born in Toledo, Central Spain) (Fig. 5A) . The greenish skin with some characteristic light stripes was also identified in one of the studied accession collected in the same region, 'Tendral verde' from Central Spain (COMAV7) (Fig. 5B) . Despite this accession is named 'Tendral', it belongs to the 'Mochuelo' group, according to its morphological and molecular characteristics. Yellow melons were represented in the artwork of Murillo (1617-1682) and Velázquez (1599-1660) (Fig. 5C, E) . Both are famous seventeenth century painters, and they painted fruits with yellow wrinkled rind and white flesh (Fig. 5E ), similar to Yellow melons of the collection ('Caña Dulce' COMAV13) and also to one Winter melons with yellow skin ('Melon de invierno' BGCM121). The landrace 'Rochet' (COMAV6) (Fig. 5H) , collected in Toledo (Central Spain), has fruits similar to the one painted by Luis E. Meléndez in 1764 (Fig. 5G) . In his painting, the artist presented an ovate melon with a dark green rough, thick rind, ready to be hung, since several types of melons were usually hung for winter conservation. In 1513, Alonso Herrera described this thick-hard skin types, when he reported melon typologies in that period (Herrera 1777) . Also several accessions of the 'Piel de Sapo' group greatly resembled those represented in historical paintings. The accession 'Pata negra' (BGCM6), with the smallest fruits, displayed ovate fruits similar to the melon fruit that appears in the art of José López Enguindanos (1751-1812) who painted his 'still life' around Toledo (Castilla-la Mancha, Central Spain) (Fig. 5I, J) . The accession 'Pipa de oro' (COMAV1), with fruits with typical large dark green spots, resembles the fruit painted by Benito Lleonart y Senent (1860) who worked in Valencia. In the same painting (Fig. 5K) , other melon fruits were also represented. One of them looks like the accession locally-called 'Loperos' (C-53), with the morphological typology 'Hilo Carrete' (Fig. 5K, L) .
Discussion
Diversity of Spanish melons has been previously studied by using both morphological and molecular characterization (Staub et al. 2000; López-Sesé et al. 2003; Escribano and Lázaro 2009; Esteras et al. 2013) . These studies characterized different sets of accessions representative of the diversity of Spanish landraces from specific regions. The present study widens the collections by selecting a great diverse melon set representative of the variation maintained in the three main Spanish melon collections. This study also tries to provide a more comprehensive understanding of melon diversification patterns in Spain, based on the analysis of historical and cultural evidences. Sixty-two Spanish landraces and two commercial varieties were described herein by analysing thirty-nine morphological traits and eight SSR makers. Agronomic results pointed out a notable phenotypic variability among melon accessions. Most of the studied samples are non-aromatic, non-climacteric melons that belong to the inodorus botanical variety, like most of Spanish melon types (Fernandez-Trujillo et al. 2012 ), but we also found a set of climacteric melons within this collection. Most of the analysed accessions had green rinds. This was probably a character demanded by consumers and farmers throughout the history of Spanish melons. In our collection, fruit size and phenological traits were quite variable, but most genotypes had longer cycles and larger fruits than modern cultivars. Although our study did not detect significant differences in rind thickness between old landraces and modern cultivars the genetic pool examined herein generally showed quite thick rinds, many of which were thicker than 1.3 cm. Spanish farmers seem to have focussed selection towards large fruits adapted to long production cycles resulting in high sugar accumulation. This phenotype has successfully reached current markets as the Spanish consumer usually prefers not only inodorus types, but specifically large green melon fruits.
Results of PCA provided information of the morphological traits more suitable for varietal discrimination. Apart from the phenological traits and fruit size and shape, rind colour patterns and texture have been determinant in Spanish varietal differentiation. The studied Spanish landraces were mainly green when ripe, but approximately the 30% presented yellow or white rinds. Some combinations of primary fruit colour and secondary patterns were distinctive among varietal groups. For example, fruits of some accessions showed dark green spots on a yellowish green skin, typical of 'Piel de Sapo' types, or on a yellow rind, such as the 'Hilo Carrete' pattern. Also yellow dots on green rind are commonly observed in the 'Mochuelo' type. A singular Spanish type is the White with smooth and solid white rind.
Despite the high variability found among accessions, cluster analysis allowed the identification of seven morphological groups sharing common characteristics. The 'Piel de Sapo' group is the best known and the one that is more commercially important nowadays, having trait combinations that have been co-selected for centuries. Although the 'Piel de Sapo' is the most consumed morphotype in Spanish markets, this study shows that the Spanish inodorus genetic pool is much more diverse. Also commercially relevant is the group of Yellow that includes some high quality landraces highly appreciated in international markets, such as the Brazilian. Other groups are less known as they are not usually found in markets, as the landraces found in the group generically named 'Mochuelo' (name given by the donor farmers to many of the landraces of this group) (Escribano and Lázaro 2009) . These have round, medium-sized, smooth, yellowish to green fruits, with a very particular golden speckled secondary colour and a transversal corking distribution around the peduncle area that gives them a mark of quality required by traditional farmers. The 'Tendral' morphotype is also a traditional Spanish type, described in previous studies (López-Sesé et al. 2003) , with a long shelf life that has been exploited through centuries by using a traditional practice of hanging melons until ripeness at home in fresh and airy rooms. The Winter melons share thick rinds, long growing cycles and long shelf life with 'Tendrals'. Also the Black melons have specific characteristics that make them singular.
The Spanish melon genetic pool shows traits that are different from landraces of other European countries. (Staub et al. 2004; Lotti et al. 2008; Roy et al. 2012; Gao et al. 2012) . Lotti et al. (2008) found that 30% of the evaluated varieties from Italy and Albania had a climacteric ripening pattern, with fruits with a tropical aroma when ripe. The percentage of the Spanish accessions with climacteric fruits was lower (19%), which may reflect farmers and consumer preferences. In their study, Lotti et al. (2008) found that the fruit weight of the Italian and Albanian genetic pools ranged from 1.1 to 2 kg in both inodorus and cantalupensis varieties. Most of the studied climacteric Spanish varieties have fruits ranging from 1.1 to 2 kg, but 18% of the climacteric accessions produced melons with larger fruits, ranging from 3.1 to 4 kg. The Spanish inodorus melons mostly varied from of 2.1 to 3 kg. These results indicated that the Spanish melons are generally larger than those selected in other countries in the South of Europe. The germplasm from Hungary and Turkey is mainly represented by fruits with a yellow skin colour (65.5%), and only 19% of the varieties have green fruits (Szamosi et al. 2010) . In the Greek germplasm described by Staub et al. (2004) , the total absence of green melon varieties was also remarkable. Despite these differences, some studies suggest similarities of different European melon sets with Spanish landraces. For example Tzitzikas et al. (2009) described some cultigens form Greece and Cyprus similar to 'Piel de Sapo'. Sensoy et al. (2007) also found similarities between some Turkish inodorus melons and 'Piel de Sapo'. Moreover, the thick wrinkled rind of 'Tendral' Spanish melons seemed like the 'Yuva' Turkish one. The stains of 'Piel de Sapo' remind those found in the 'Kirkagaç' melon type. Those similarities could indicate a common diversification or domestication route.
The eight SSR markers used herein are associated with valuable melon's characters (Tomason et al. 2013) , specifically soluble solids content, fruit shape, and length, traits of high importance in varietal differentiation. Despite the low number, they could identify molecular variation within this melon set. Molecular results agree with morphological results, showing, for example, a low level of diversity within the 'Tendral', 'Piel the Sapo', and Winter groups, the most morphologically uniform groups of landraces. However, SSRs failed to clearly distinguish these three groups, suggesting a common origin, Winter, 'Tendral' and 'Piel de Sapo' melons are typical inodorus Spanish landraces characterized by medium to large fruits, with firm and sweet white flesh, thick rinds, usually green, and by long growing cycles and extended shelf life. However, each group exhibited differential phenological and morphological characteristic, very large fruits in Winter melons, long shelf life and dark green wrinkle rinds in 'Tendral' and typical 'Piel de Sapo' features, respectively, whereas SSRs indicate genetic similarity among them. Likely, it would be necessary to increase the number of SSRs to molecularly distinguish these three types of melons.
Some of the Winter types retain different levels of genetic diversity, and have alleles different to those of the main market class of 'Piel de Sapo' melons. Also the 'Mochuelo' types, that were morphologically similar to the green melons groups (mainly to the 'Piel de Sapo'), were quite molecularly variable, thus being a promising source of interesting traits for breeding new melon cultivars.
The molecular pattern of the second main group from which modern commercial cultivars have been developed, the Yellow/White group, was quite different to that of 'Piel de Sapo', with a higher genetic diversity that can be used for breeding commercial melons of the Yellow market class. This group that was quite morphologically homogeneous was molecularly divided in three set of accessions, a set similar to the Green melons ('Piel de Sapo', 'Tendral' and Winter) a second one interspersed with 'Mochuelo' types and a group of a few additional accessions much more diverse.
Finally the singularity of some aromatic and climacteric landraces, that are less common in Spain, but still conserved for local uses, is confirmed at the molecular level. These seem to be more variables and molecularly different from the other inodorus like Spanish landraces, and might represent later independent introductions from melons adapted in European and Asian countries (ameri, cantalupensis etc.) and/or neglected varieties due to the poor post-harvest conservation in our climatic conditions. These results are consistent with previous molecular analyses. Esteras et al. (2013) analysed the population structure of melons, using a representative germplasm collection, including a reference set of Spanish landraces. Some Spanish landraces are clearly different from other European melons ('Piel de Sapo', 'Mochuelo', 'Tendral' and Yellow types), whereas some singular types ('Escrito oloroso', 'Amarillo Manchado', 'Erizo', included in the set of climacteric landraces analysed in the present study) showed similarities with melon populations from Asia, Europe and Africa.
This study shows the high morphological variability of this melon collection which is representative of the current diversity of Spanish landraces. As previously stated, some of this diversity was described by early sources. This confirms that melon diversification was quite high in those times and that representatives of this variation have reached our days. In fact, most of the melons represented in historical pictures are quite similar to some of the currently-preserved landraces. However, some current variants seem to be new or at least seem less frequent in the past. Since Velazquez and Murillo were born in Andalusia (southern Spain), they probably reflected the melon varieties from their region. In fact, 50% of the yellow fruit accessions studied were collected in that region. Nowadays, some melon fruits could have a similar appearance, at least in some characters, to the fruits painted four centuries ago. Results showed that the accessions of the 'Piel de Sapo' group, the most commercially important and locally appreciated in Spain, started to be noticed by José López Enguindanos (1751-1812), and the typical feature of green spots on the fruit rind of 'Piel de Sapo' first appeared in the artwork of Benito Lleonart y Senent (1860). This late registration in artistic references might suggest a late development or introduction of this morphotype. This late selection is also consistent with the narrow genetic basis found in 'Piel de Sapo' melons (Blanca et al. 2012; Esteras et al. 2013) , which currently limits breeding programmes in this highly valuable market class. However, in all the consulted paintings since the sixteenth century, green types were represented along with some yellow ones, and this diversity is maintained nowadays. This preference could have guided farmers to select these morphotypes for centuries, until the occurrence of the 'Piel de Sapo' melon type some time before the nineteenth century, as it was painted by Benito Senent in 1860.
Today, the genetic control of the traits fruit shape and fruit colour in melons is quite well known (Fernandez-Trujillo et al. 2012 ). A few genes or genomic regions are involved in these traits. Melon is easily self-and cross-pollinated manually, and it behaves like an out-crossing plant in open fields. The ideal types pursued by farmers have been changing, and the existing variability could have been combined, both artificially or naturally. Thus, new combinations of some of the traits represented in farmers' selections of the fifteenth-seventeenth centuries could have reached the twentieth century. Despite the variation in colour and shape shown by these early sources, all the paintings generally represent large fruits with a thick rind, which is a very useful character for fruit conservation. Furthermore, some of them appeared ready to be hung, a traditional practice for storing some types of melons until their consumption. Aromatic melons turning to yellow after harvest has been reported in medieval sources, which suggests that these are quite old varieties. However, they are less represented in paintings, indicating a preference in Spain for the non-climacteric melons that have reached the present.
These old landraces, selected by farmers during generations, are sometimes cultivated nowadays because of their preference in local markets . The evaluation of their genetic diversity seems essential for their conservation and protection to keep them for future breeding programs to broad the genetic basis of cultivated varieties, promoting a sustainable agriculture (Spataro and Negri 2013) . Additionally, our experience shows that today consumers, especially those living in European cities, are strongly demanding food quality, flavours and textures from old varieties. Flavours, quality and diversity are still in the folk's memory (Lázaro et al. 2016) .
Conclusions
In the present work, a multidisciplinary approach was carried out for assessing the variability within a collection representative of the variation of melon landraces from Spain. The results revealed differences among all studied samples at the phenotypic and genotypic levels. These evaluation and analyses has allowed the identification of several uniform groups of non-climacteric cultivars ('Piel de Sapo', 'Mochuelo', 'Tendral', Yellow/White, Winter and Black groups) and a set of highly variable climacteric ones. However, many accessions with singular properties remain unclassified, demonstrating the morphological variability of the studied collection.
Melons in Spain have wide variability together with a vast historical importance on farms. Some fruit types, or at least some morphological characters reflected by painters during centuries, have reached the present.
The present study confirmed the need to preserve these irreplaceable genetic resources and continue their study and evaluation for valuable traits which could enhance farmer's opportunities for entering new markets.
